Growth-retarding chemicals such as Amo-1618 (2,12 ), CCC [(2-chloroethyl No specific effects of growth retardants on floral initiation in short-day plants (SDP) have heretofore been reported. The present paper concerns the effects of the growth retardant CCC on flower formation and growth of the SDP Pharbitis nil and the rev-ersibility of these effects by gibberellin A3.
ing by photoperiod an(d temperature was unaffected by application of growth retardants. Flowering was delayed by such applications only in the cases of Chrysanthemum and Cleome.
In the day-neutral plant tomato 'Wittvwer and Tolbert (13) found that flower clusters in CCC-treated plants appeared earlier and on lower nodes. Application of both CCC and Phosfon caused prompt initiation of flower buds in Rhodlodendron (10) .
On the other han(d, floral initiation as induced by shift fromii long to short (lays in the long-short-day plant Bryophlvlmn, daigreniiontiantun was fully sup- pressed by application of CCC (16) . The CCCrelated compound, allyl trimethylammoniunm bromide, reduced stem elongation and( flower formation in the cold-requiring rosette plant Beta vulgaris (6) . Inhibition of flowering in both Brvophyllum and Beta could be overcome by application of gibberellin A3.
No specific effects of growth retardants on floral initiation in short-day plants (SDP) have heretofore been reported. The present paper concerns the effects of the growth retardant CCC on flower formation and growth of the SDP Pharbitis nil and the rev-ersibility of these effects by gibberellin A3.
Materials and Methods
Seeds of Pharbitis nil Chois., strain Violet, were treated with concentrated sulfuric acid for 60 minutes ancl subsequently washedl overnight with tap water.
The swollen seeds were planted in vermiculite and kept at 300 for 2 days. The emerging seedlings were theni transplanted to 10-ml vials containing half strength Hoagland's nutrient solution. If necessary the pH of the solution was adjusted to 5.6 with KOH.
The seedlings were grown in the Earhart Plant Research Laboratory at 23 to 250 under continuous light from fluorescent and incandescent tubes yielcling approximately 750 ft-c at plant level. 1 Received Aug. 30, 1963 . 2 Supported by grants from the Herman Frasch Foundation for Agricultural Chemistry, and from the National Science Foundation (G-17483). 3 Present Address: Department of Biology, McMaster University, Hamilton, Ontario, Canada.
Unless otherwise indicated the growth retardant CCC (supplied by American Cyanamid Co., Stamford, Conn.) was applied for 24 hours from the third to the fourth day after planting of the seeds, and immediately before the inductive long night of 16 hours, which was usually given at 270. The 100 ml of deionized water. Before and after this application, nutrient solution was applied sparsely so that the containers were never drained.
The quantitative criteria for measurement of flowering were used as previously described (1, 14) . Internodes were measured when fully mature.
Plants grown continuously in LD were measured at regular intervals and the number of leaves produced was counted. Young leaves were not counted until their blades had begun to unfoldl. For practical reasons, initiation of floral primorclia was observed only on the lowest 30 nodes. The term, node position, is used to indicate the number of the node bearing the first flower bud, counting in acropetal direction.
For anatomical observations first internodes were fixed in 70 % ethanol and sectioned by hand. The lengths of 20 cells in the cortical and pith parenchyma in each internode were measured with the aid of an ocular micrometer.
Results
Four-day-old Pharbitis seedlings grown in the standard vermiculite-granite mixture respond to exposure to one 16-hour dark period at 27°by the subsequent initiation of 6 to 7 flower buds, including a terminal one (1, 14) . The axillary buds of the lowest 2 nodes of such seedlings remain vegetative, but the buds on the third and all higher nodes are transformed into flower buds. Seedlings grown in nutrient solution instead of in the vermiculite-granite mix- node. Plants 2 weeks after application of CCC showed a dwarf habit due mainly to short internodes. After 4 to 5 weeks such seedlings would again start to grow normally. Since their terminal buds were vegetative, they would ultimately grow much taller than induced plants in which growth was arrested by the terminal flower bud.
The effect on flowering of the time of CCC application in relation to the inductive dark period is considered in figure 2. Seedlings were grown on solutions containing 250 mg CCC/liter for 12 or 24 hours before, during, or after the long night. The In addition to suppressing flower formation, CCC treatment of Pharbitis also reduces the length of the first and higher internodes (fig 1) . This dwarfing effect is also reversed by GA3 as is shown in figure 6 . In this experiment different quantities of GA3 were applied to control plants, and to plants treated with 100 (fig 7) . CCC-treated plants reached a similar growth rate but much later. The delay Xwas approximately 3 weeks for 1, and 5 weeks for 2 CCC applications. However, once treated plants started to grow rapidly, their growtlh rate even surpassed that of untreated plants as is illustrated in figure 9 . In the experiment of figure 9 CCCtreated plants did not attain the same growth rate as control plants until 30 days after the last CCC application. It was also established that application of 10 ,ug GA3 to the 2nd and 3rd leaf at the same time as the last CCC application yielded a growth rate essentially the same as that of untreated plants. Rate Treatment with GA3 cause(l the formation of thin, but woody internodes. In the pericycle a layer of cells with very thick walls was formed, but these thick-walled cells were never observed in seedlings Table II Lenlgth anzd NumWnber of Cells in First Internodes of Pharbitis Seedlings Treated with CCC and GA, CCC was applied (300 mg/liter) via the roots for 24 hours before long night. GA, was applied (1 ,ug treated with CCC only. Application of GA3 also resulted in the differentiation of more secondary xylem, so that in these plants cortex and pith took up only a relatively small portion of the cross section of the stem.
Discussion
The results described here clearly demonstrate that the growth-retarding chemical CCC strongly inhibits photoperiodic induction in Pharbitis if applied immediately before the long night. Flower formation remains unaffected if CCC is applied at the end of the long night when production of the floral stimulus supposedly has been completed (15) , but stem length is still greatly reduced. This brings up the question as to which partial reaction of the flowering process is affected by CCC. With compounds such as 5-fluorouracil (14) and SK&F 7997 (1) this problem has been solved by applying the chemicals at different times and to either cotyledons or plumules. CCC, however, can be applied effectively only via the roots. No inhibition of flowering was obtained by application of CCC via plumules or cotyledons. With very high concentrations (6 g/liter) the plumules were killed.
No definite conclusion can be drawn as to whether CCC inhibits flower hormone production in the cotyledons or differentiation of flower primordia in the plumules, although the following indirect evidence supports the latter view: A) Inhibition of flowering is overcome by applying GA3 to the plumule only. GA3 application to cotyledons also reverses inhibition of flowering, but the material is probably rapidly translocated to the apex. B) The growth retardant Amo-1618 completely inhibits subapical meristematic activity in Chrysanthemum (9) . Anatomical observations in Pharbitis showed that CCC strongly reduces cell number in the first internode which is just beginning to expand at the time of induction. Consequently, meristematic activity in the plumule must be low when the floral stimulus arrives in the apex, so that it cannot be expressed in the formation of flower buds. As concluded previously (14) Literature Cited
